Major solar and solar induced phenomena during the 20th solar cycle.  1 - The first six months of 1967 by Jonah, F. C.
General Disclaimer 
One or more of the Following Statements may affect this Document 
 
 This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 
 
 This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 
 
 This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 
 
 This document is paginated as submitted by the original source. 
 
 Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 
 
 
 
 
 
 
 
Produced by the NASA Center for Aerospace Information (CASI) 
https://ntrs.nasa.gov/search.jsp?R=19690010252 2020-03-12T07:38:48+00:00Z
M/-'3S/LE-'3 ANO SPACE O/V/S/ON
LTV AEROSPACE CORPORAT/ON
N69-196
(ACCESSION NUMD[RI
-61
1 ►AO[ 1
(NASA CR OR TM[ OR AD NUMMIEFU
V
ITNRUI
ICOD[1T
ICAT	 RTI
Yg	
tf
4
t
T
E
MAJOR SOIAR AND SOIAR
INDUCED PHENOMENA DURING
THE 20th SOIAR CYCIE
I - THE FIRST SIX MCWHS OF 1967
by
Fred C. Jonah
Missiles and Space Division
Report No. 00.1145	 14 February 1969
Prepared under Contract NAS 9-7134
with Missiles and Space Division
LTV Aerospace Corporation
iPam
1;:	 .	 IolI
1.0 SU-i :. , L-j .i:E? i, CC)r'!I'tl^ 	 ijP `fill;	 C0kffl1,;Jf(i111>1NG 2
SIX i-ION'IT3 OF THE s	 If AN i 	 20kH S01AR CYCIES
1.1 SON0131U1 1 WfIVITY 2
1.1.1 helat lw- 	JlaliL;Pot	 lVl.tllat ; .:<++ 2
1.1.2 Ssr.:.r c, , i&.1drletic CludiI 4
1.2 MAJOE PIARES 5
1.3 COMP"160N (Y THE DAILY 14 i'!,LJX AP SEEECTED 6
CENTIiCrER WAVEIENGPHS
2.0 MA,1OR SOIAR EVENTS jXJR1NG THE PERIOD JANUARY 8
THROUGH JUNE 1967
2.1 allhAA1 041"1 8
3.0 DexiiiiiI) AIAALfSI^ 010 THE MAJ'Oh SUTAIi EVENTS 13
3.1 DikuIs'f`AHt;h jb FLAKE 11 JANUARY 1967 13
3.2 THE fNrp :Ir t ChYrIMETE:R BF BUB8T ON 12 JANUARY 14
3.3 THE IAIt(;E GROUND IEVEL EVERT ON X118 JA1411ARY 1967 15
3.4 THE PCA EVENT ON 2 r EAJ^ UAR Y 1 967 19
3.5 THE 3141N)RTANc;E 3B r LP RL 0A 13 FEMUAItY 196'( 21
3.6 THE IAR tiE S TYPE SUNSPOP t;ROUP THAT CROSSED THE 23
SOIAR DISC BETWEEN 21 FEBLtUARY AND 6 MARCH 1967
3.6.1 Major IT Burst at Centim,!ter Wavelength on 27 26
Fobs uur y
3.6.2 Mtj jo	 BF Burjt at Ceritimeter Wavelength on 4 March 26
TABLE OF CONTENTS (cont'd)
PeZ
3.7	 SMALL, PCA EVENT ON 11 MARCH
	
27
3.8	 IMPORTANCE 3B FLARE AND GREAT RF BURST AT 	 30
CENTIMETER WAVELENGTH ON 22 MARCH
3 .9	 THE LARGE BRIGHT ACTIVE REGIO 14 THAT CROSSED THE	 34
SOLAR DISK BETWEEN 18 MAY AND 1 JUNE 1967
3 .9 .1	 The Major RF Event at Centimeter Wavelength on 	 37
20 May
3 .9 .2	 The RF Event Starting at 1920 Ur on 21. May	 38
3 . 9 . 3	 The Large Proton Event on May 23, 1967	 39
3 .9 .4	 The PCA Event on May 28, 1967 	 43
REFERENCES	 48
ii.
LIST OF TABLES
Table
No. Title Pa e
1.1 COMPARISON OF THE NUMBER OF LARGE SUNSPOT GROUPS, 5
AND MAGNETICALLY COMPLEX GROUPS
1.2 COMPARISON OF THE NUMBER OF MAJOR FLARES 6
2.1 STATISTICAL SUMMARY OF MAJOR SOLAR OR SOLAR INDUCED 9
EVENTS JANUARY THROUGH JUNE 1967
2.2 MAJOR SOLAR EVENTS JANUARY -.TUNE 1967 10
3.1 REGIONS THAT CROSSED THE WEST LIMB BETWEEN JANUARY 18
23 AND 28, 1967
3.2 SOLAR REGIONS THAT WERE BETWEEN ONE AND TMEE DAYS 19
BEHIND THE EAST LIMB ON JANUARY 28
3.6. la ALL FLARES REPORTED 20 FEBRUARY THROUGH 6 MARCH 24
FROM PLACE 8704
3.6.1b CONFIRMED FLARES REQUESTED IN THE IAU BULLETIN 24
3.6.2 FLARE DATA FOR THE RF BURSTS SHOWN ON FIGURE 3.6.1 25
3.8.1 SACRAMENTO PEAK DATA FOR THE THREE SPOT GROUPS IN 30
PLAGE 8740
3.8.2 SUNSPOT BASIC DATA FOR EVENT ON MARCH 22 31
3.8.3a ALL FLARES REPORTED 20 MARCH THROUGH 2 APRIL FROM 33
PLAGE 8740
3.8.3b CONFIRMED FLARES REPORTED IN THE IAU BULLETIN 33
3 . 9 .1 SUBFIARES AND FLARES ASSOCIATED WITH SOLAR REGION 34
8818
3 .9 .2 SUNSPOT BASIC DATA REGION 8818 35
3 .9 . 3 SOIAR PROTON EVENTS (PROVISIONAL) DURING MAY 1967 40
(1--RCM IER-FB -274 JUNE 1967)
3.9.4a ALL FLARES REPORTED 17 MAY THROUGH 31 MAY 1967 FROM 46
PLAGE REGION 8818
3.9.41 CONFIRMED FLARES REPORTED IN THE IAU BULLETIN 46
iii
7
IV
FIGURES
Figure
No. Title
1.1 COMPARISON OF DAILY RELATIVE SUNSPOT NUMBERS JULY -
DECEMBER 1956 AND JANUARY - JUNE 1967
1.1a ANNUAL SMOOTHED SUNSPOT NUMBERS 1810-1968
1. lb COMPARISON OF SMOOTHED MONTHLY SUNSPOT NUMBERS FOR
SOLAR CYCLES 16-20 WITH SOLAR MINIMUM AS COMMON
POINT
l.lc MONTHLY MEAN AND SMOOTHED SUNSPOT NUMBERS CYCLES
17-20
1.2 COMPARISON OF DAILY FLUX AT SELECTED CENTIMETER
WAVELENGTHS JULY - DECEMBER 1956, WITH JANUARY -
JUNE 1967
3.1 S..CTRAL PLAT OF RF BURSTS A-1' 0227 JANUARY 12
3.6.1 SPECTRAL PLAT OF SELECTED RF BURSTS ASSOCIATED WITH
FLARES FROM PLACE REGION 8744
3.6.2 RF TIME HISTORY AT 2695 Mc/s, 4 MARCH 1967 ASSOCIATED
WITH THE 1B FLARE, SHOWN TIMES OF ASSOCIATED
Pl XOMENA
3.8.1 SPECTRAL PLAT OF SELECTED RF BURSTS ASSOCIATED WITH
FLARES FROM PLACE REGION 8740
3.8.2 RF TIME HISTORY AT 2700 Mc/s, 22 MARCH 1967 STARTING
AT 0019 UT TOGETHER WITH TIMES OF ASSOCIATED
PHENOMENA
3 . 9 .1 SPECTRAL CHARACTERISTICS OF THE RF BURST OL: MAY 19,
20, AND 21, 1967 FROM SOLAR REGION 8818
3.9.2 THE RF TIME HISTORY, 2695 Mc/s, MAY 210 1967, AT
1923.7 UT SHOWING X-RAY BURST AND TIMES OF RELATED
PHENCMENA
3.9.3 THE RF TIME HISTORY 2800 Mc/s AND 2695 Mc/s AND
X-RAY FLUX (2-120) ASSOCIATED WITH THE 2B FLARES
STARTING AT 1802 UT on 23 MAY 1967, WITH TIES OF
ASSOCIATED PHENOCKA
Pa e
3
50
50
50
7
14
51
51
51
51
52
52
52
VFIGURES (cont Id)
Figure
No.	 Title	 Page
3.9.4	 SPECTRAL CHARACTERISTICS OF THE THREE PHASES OF 	 52
THE RF EMISSION THAT ACCOMPANIED THE IMPORTANCE
2B FLARE ON MAY 23 FROM PLAGE REGION 8818
3 .9 . 5 	 THE GREAT X-RAY BURST STARTING AT 0528 Ur ON MAY 	 47
28, 1967, WITH THE TIMES OF RELATED PHENCMENA
3.9.6	 RF SPECTRAL CHARACTERISTICS FOR THE SMALL BURSTS 	 47
ON MAY 25 AND THE GREAT BURST ON MAY 28 0 1967
1INMODUCTION
This report is the first phase of the analysis of major
solar activities during the increasing stage of the 20th solar
cycle.
We will male a brief comparison of the first six months
of 1967 With the corresponding period of the 19th solar cycle
(July - December 1956). This period starts 27 months after the
solar minimum during October 1964.
A realistic comparison of the two periods of the 19th
f ^	 and 20th solar cycle is not possible due to the great improvement
in the observation and recording of solar and solar induced
phenomena that are generally considered to be almost necessary
conditions for the production of a solar proton event.
During and following the IGY several new techniques
were developed that were sensitive to small increases in low
energy protons in the neighborhood of the earth. In addition..
satellites with orbits that extended beyond the earth's magneto-
sphere carried proton counters and detected events that could
not have been observed by equipment in operation during the
second half of 1956.
It is also well known that during 1956 the flare patrol
averaged only about 72% of the time while the radio patrol at
centimeter wavelengths covered oily about 16 hours of the universal
day.
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1.0
	 STATISTICAL COMPARISON OF THE CORRESPONDING SIX
MONTHS OF THE 19TH AND 20TH SOLAR CYCIE
The period from 1 January through 30 June 1967 has been
chosen for a detailed study. This period was chosen for several
reasons.
(a) Five confirmed solar proton events were reported,
Including one observed at ground level.
(b) Three of the confirmed proton events, including the
one at ground level occurred during periods of very low solar
activity.
(c) Two large 8 type sunspot groups crossed the solar
disk. One produced two mayor events with associated phenomena and
yellow coroml emissions at West Limb passage but no proton events
were reported. The other produced four mayor events including two
proton events.
(d) The general level of solar activity during the period
was very low when compared with the corresponding period of the 19th
solar cycle (1 July through 31 December 1956).
A very brief summary of activity from October 1964 through December
1966 will be included as an Appendix.
1.1
	 SUNSPOT ACTIVITY
1.1.1	 Relative Sunspot Numbers
The daily relative sunspot cumbers for the two periods
are shown on Figure 1.1. We have also shown the smoothen monthly
I.
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FIGURE 1.1 COMPARISON OF DAILY RELATIVE SUNSPOT NUMBERS JULY -
DECEMBER 19E7 AND JANUARY - JUNE 1967
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4sunspot numbers. 4,
 It is seen that based on this parameter, the solar
activity during this six month period of the 20th cycle is approxi-
mately 54 of the activity during the corresponding period of the 19th
cycle. Further evidence of the lower level of activity is shown by
r	 the number of sunspot groups with maximum areas greater than 500
t.	 millionths of the solar hemisphere. There were 51 large sunspot
groups during the second half of 1956 and only 10 during the com-
parable period of the 20th solar cycle.
1.1.2	 Sunspot Magnetic Class
There were seven sunspot groups with , 4y or ar , magnetic
classification during disk passage in the six months of 1956 and
only three during the 1967 period. Two of these were reported with
the new S type configuration by Mt. Wilson, the other was classi-
1	
Pied as f31I or d' on five days during disk passage. These data
are summarized in Table 1.1.
_	 The S type sunspot group (Mt. tails,.. 16272) in February
r 1967 reached a maximum area of 1416 millionths on 28 February. It
was an extremely active region during disk passage and met most of
the conditions generally assumed to be necessary for a proton pro-
ducing region. However, none has been reported.
*See also Figures l.la, l.lb, and l.lc, page 50.
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On the other hand, The S type s3nspot grmp (Mt. Wilsou
16372) that crossed, the solar disk between -May 17 and May 30 met all
of the conditions for a proton producing region. Two confirmed
events have been reported.
1.2	 MAJOR FIARES
A comparison of the tv mue-rs of major flares with importance
3 2+ for the equivalent periods of the 19th and 20tL solar cycles is
shorn in Table 1.2. These data are bossed on Volume I of the Solar
Activity Catalogues (Reference 40) for the secoul six months of 1956,
and the IAU jusrterly Bulletin (Reference : 9) for the first six months
of 1967
61956 1
Hours
Obs. 3B IN 2B
+ 3 2+ + 2+
Jul 0 0 0 82 Jan 1 0 1
Aug 0 2 0 83 Feb 1 1 3
Sep 0 2 1 81 Mar 1 1 1
Oct 0 3 0 63 Apr 0 0 1
Nov 1 2 3 59 May 2 2 6
Dec 0 3 3 64 Jun 0 0 0
Total 1 12 7 5 4 12
TABLE 1.2 COMPARISON OF THE NUMBER OF REPORTED
MAJOR FLARES
The number of mayor flares listed for 1957 must be
considered as a minimum since the flare patrol was operating only
about 72% of the time during 1956 as shown in Column 4 of Table
1.2. While nearly a 10($ patrol was maintained during 1967, the
comparison of the number of major flares reported during the two
periods may also be affected by the change in the method for
classifying and reporting flare importance.
1.3	 COMPARISON OF THE DAILY RF FUIX AT SELECTED
CENTIMETER WAVELENGTHS
The daily solar flux values at 2800 Mc/s for the period
July through December 1956 compared with flux values at 2695, 2800,
and 3750 Mc/s for the period January through June 1967 is shown in
Figure 1.2.
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This plot shows an almost perfect agreement at 2695,
2800, and 3750 Mc/s. A similar agreement (Reference 11) between
the flux values at 2800 and 3750 Mc/s was shown for the two
periods, July through December 1957 and July through December
1960.
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2.0 MAJOR SOLAR EVENTS DURING THE PERIOD JANUARY T19=0
J^^
2.1 GENERAL SUMMARY
For the purpose of this study we have defined a major
`- solar, or solar induced event to be:
1.	 Flare with importance ;?.3B (4 cases).
2.	 RF emissions at centimeter wavelength (1695,
2700, 2800, 3000, or 3750 Mc/s) with peak flux
> 500 flux units - 7 cases.
3.	 A proton event observed by Riometers, Forward
Scatter, Satellite or ground based Neutron
Monitor - 5 cases.
Based on reasonably complete data, 13 events satisfied
t:
one or more of the requirements during the first six months of
1967. These are summarized in Table 2.1.
It is seen that there is no reliable flare or solar
region 4,association with three of the proton events (events 3,
and 8) including the ground level event on 28 January recorded
by several different neutron monitors.
tThese same 13 events are summarized in Table 2.2
where detailed data for the associated phenomena are given.
r
1f
9
In the case of the three events with no reliable flare or region
association We have given one or more possible (but not probable)
flares or regions. The choice of possible associations are based
on previous or future activity of the region or regions in question.
A detailed analysis of the phenomena associated with
each of the major events has been carried out. If associated
phenomena have not been reported or may have a questionable
association with the chosen major event, we have examined other
solar regions on the visible disk, and region on the far side of
the sun, that crossed the West Limb one to three days before the
event, and those that crossed the East Limb up to three days after
the event.
In general, the attempt to find evidence of sufficient
far side activity to cause the event in question, was unsuccesful.
Hcwever, considerable insight was obtained about changes and
growth of solar regions during the 14 days they were hidden from
view.
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3.0	 DETAIIED ANALYSIS OF THE MAJOR SOLAR EVENTS
3.1	 IMPORTANCE 3B F:ARE 11 JANUARY 1967
The first major solar event of 1967 occurred at 0130 UT
on January 11 when an importance 3B flare was reported by Haleakala
only. The flare occurred in McMath Plage 4632 at S24 W47. A very
small RF burst was reported by Nagoya at 3750 Mc/s, no emissions
were reported at other frequencies. No SWF or spectral emissions
were reported at the time of the flare.
The solar and solar induced activity or lack of activity
indicates that this event should not be classified as a major event.
The plage region which reached a maximum area of 5800
millionths on January 7 contained one sunspot group that was first
seen by At. Wilson on January 1 at 320 E62, and Sacramento Peak on
the 2nd at 319 E46, Heliographic Longitude 266. The spot increased
in area as it crossed the solar disk to a maximum area of 418
millionth on January 6th. The decrease was gradual to an area of
288 millionths on the 9th. An area of only 92 millionths was
reported by Sacramento Peak on the 10th at Sig W61. Mt. Wilson
reported a ^f magnetic classification on the 5th and 6th with an
average ^p magnetic classification during disk passage. In
addition, a very small spo l was reported by Sacramento Peak on
the 7th at S28 WOO and again on the llth, 12th and 13th at S30
f	 Heliographic Longitude 244.
There were no X-ray observations by Explorer 33 at the
time of the flare.
Based on the analysis of the region presented above, it
is probable that the importance of the flare was overrated.
3.2	 THE: MAJOR CENTIMETER RF BURST ON 12 JANUARY
A major RF event was reported at 3750 Mc/s starting at
0227 Ur lasting for 50 minutes with a peak flux of 550 flux units
at 0236.2 UT. This RF emission has been associated with a West
Limb flare with importance 1. The event is associated with a
shortwave radio fade, a Type II slow drift burst at meter wave-
length, and an X-ray burst with a maximum at 0240. No Type IV
or proton event was reported.
The spectral plot of RF bursts associated with this
event shown on Figure 3.1 does not display the "U" character-
istic.
This was the only major event associated with the region
(McMath 8631) that crossed the solar disk between 29 December and
12 January.
The sunspot group (Mt. Wilson 16204) had an q p magnetic
classification, and a maximum area of 195 millionths on 4 January.
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3.3	 THE 1ARGE GROTTND LEVEL EVENT ON 28 JANUARY 1967
A search of available plage, sunspot and flare data fails
to reveal any region on the visible solar disk of sufficient
Importance to be associated with the ground level event with onset
at 0825 Ur. Minor X-ray events on 28 January have been reported by
Van Allen at 0457, probably associated with subflares in McMath
plage 8659, or 8670, in Mt. Wilson bipolar spot groups 16227 or 16234,
with areas 292 and 239, respectively on flare day. A second minor
X-ray burst reported with onset at 0737 	 associated with another
subflare at 0743 in a unipolar spot group 16235 at S23 E16 (McMath
plage 8667). The spot had an area of 333 millionths on flare day.
No shortwave radio fades were reported. Sydney reported a Type II
slow drift burst with onset at 0754.5 UT, no Type IV was reported.
Very small RF bursts were reported at centimeter wavelengths.
The phenomena associated with these regions are summarized
in Tables 2.1 and 2.2 as events 3.1, 3.2, and 3.3•
Sacramento Peak observed 10 small sunspots on the visible
disk on 28 January, they ranged in area 40 millionths of the solar
disk, to 333 millionths. Six of the groups had crossed the Central
Meridian. Three of the Eastern quadrant groups were within three
days of CMP. Ftve of the groups had areas less than 10 millionths
on the 28th.
If
Mt. Wilson reports 7 sunipct groups on the 28th,
Sacramento Peak reports 8 groups and the ESSA maps show 7 groups
on January 28, 1967.
The Neutron data for the January 28, 1967 event has
been studied in detail by Baird, et al (Reference !1). The
Neutron countiag rate increase started at 0839 UP and reaching
maximum of 16% at 1115, and was back to normal by 0700 on the
29th. In addition to the Neutron monitor increases reported by
Baird, et al, with onset times ranging from 0833 ± 0002 at
Swathmore and the South Pole, to 0842 *- 0004 at Thule, the event
was observed on four VIF transmission circuits starting at 0200
on the Rugby to Boulder, and Aldra to Boulder transmission
circuits, and at 0500 on the Rugby to Anchorage, and Annapolis
to Anchorage circuits. Maximum absorptions occurred at 1600,
1200, 0600, and 0700 UP, respectively, with absorption still
continuing on February 1. The forward scatter path Barrow to
Anchorage showed absorption starting at 1800 with a maximum of
approximately 10 db at 2100 Ur.
The event was also observed by Riometers at College,
and Barter Island, Alaska, with onset at 1800 with maximum of
3 db and h db, respectively, at 2200 UT. The starting time at
Barrow, A:.aska was 1820 Ur with a maximum of 4 db at 2200. The
Antarctica Stations at Byrd began to observe absorption as early
as 0600 Ur with a maximum of 13 db. The Riameter event lasted
from three to four days.
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During the 27 hours from 2300 Ur on the 26th and 0200
on January 28, only three small flares were reported, one at
N20 W59 from a small parge (8650) that produced only five minor
flares during disk passage, the other two flares on the 27th were
from a large parge (8659) at N16 W30 which covered three sunspot
groups. The flares occurred in the neighborhood of the sunspot
group 16229 a 
^P spot which had been classified as ISIr by Mt.
Wilson on the 26th.
Several investigators (Lockwood; Baird, et al) have
suggested that the event may have been caused by a flare from
regions 39 to 700 beyond the West Limb.
With the onset of the ground level effect at 0825 and
the polar cap absorption times ranging from 0600 at the Byrd
Station to 1820 UP at Barrow, we have examined all regions that
crossed the West Limb between January 23 and 28. None of the
regions were of sufficient importance during disk passage to
be probable sources of the grcand level event and polar cap
absorption. Plage region data are given in Table 3.1 showing the
approximate distance behind the West Limb on the 28th.
Only four subflares were reported from parge 8648. While
none were reported from plage 8660, the third region (8654) was
slightly more active with 20 subflares reported between January 19
and January 26. Nine of the subflares were reported on the 23rd
when the region was between 30 and 40 degrees west of the Central
A&
Meridian, while the last subflare was reported on the 26th at
N13 W82.
I F
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Date Plage
No.
Position
Last Seen
Approximate
Distance Behind
the West Limb at
0800 January 28
Sun
	 pot
23 8648 N24 W76 51° Small, Seen
21, 22 only
24 8660 N23 W75 370 No 1pots
25 None
26 None
27 8654 N13 W88 116 Small Spot
First seen first seen
1/18, at E38 1/19 at E18,
probably died
on disk.	 No
observation
Sac.P. 1/25,
Not seen 1/26.
TABLE 3.1 REGIONS THAT CROSSED THE WEST IM4B
BETWEEN JANUARY 23 AND 28, 1967
We have also examined all regions that were between one and
three days behind the East Limb on January 28. These are shown in
Table 3.2 on the following page.
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Date
ELP
Plage
No.
latitude Sunspot Activity During
Disk Passage
1-28 8673 S24 Contained small spots on 1-30 only
at S27 E48.	 The plage is the return
of part of 8632 which produced the im-
portance 3B on 1-11.
8674 N15 Contained one small snot group seen
on the 30th and 31st only.
1-29 8675 1402 Plage lasted only 2 days, no sunspots.
8677 N28 No sunspots were seen during disk pas-
sage.	 Plage 8677 is part of region
8631 from the previous rotation, the
source of a major RF burst at WLP.
8676 S37 Plage lasted only two days. 	 No sun-
spots observed.
1-30 8678 S27 A return of plage 8632.	 No sunspots
observed during disk passage.
8680 N27 Contained a Op	 spot group (16242)
that was last seen on 2 -9 at N29 W40.
8681 S16 Contained an dp spot (16241) last seen
on 2-10 at W65, and a !I., spot first
seen on 2-2 at S15 E32, last seen on
2-4 at 315 E21.
TABLE 3.2 SOLAR REGIONS THAT WERE BETWEEN ONE AND
THREE DAYS BEHIND THE EAST IMG ON
JANUARY 28
3.4	 THE PCA EVENT ON 2 FEBRUARY 1967
A small PCA event is reported in Reference 16 in progress at
2000 UT on 2 February with a 2.5 db peak absorption between 0000 and
1000 UT on the 3rd with a duration r 50 hours.
rI
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Seven sunspot groups were seen on the visible disk on
1 February at 2315 Ur.
3 crossed the visible disk limb to limb.
2 crossed the East Limb and died on the disk.
2 were born and died on the disk.
None of the spots had an area greater than 150 millionths (Sacramento
Peak data) at 2145 Ur on February 1 while three had areas greater
than 150 millionths at 1514 Ur on the 3rd (no Sacramento Peak data
on 2 February). The other spots on the 3rd had areas less than 100
millionths. Four of the spots reached maximum areas greater than
200 millionths during disk passage - the largest was 430 millionths
at W01 on February 7.
None of the regions that were on the visible disk on 2
February were the source of important activity during disk passage,
while a large number of minor flares were reported during the period
from 22 January through 12 February when one or more of the February
2nd regions were on the visible disk. Only, two flares of importance
1 (one importance 2N and one with importance 2B) were reported
prior to 2000 Ur on February 2 and two with importance 2B after
February 2.
No important radio emissions were reported at centimeter
wavelengths (2680:E f c 3750, peak flux ),p 500 flux units) .
21
A minor (importance 1) shortwave radio fade was reported
at 0144 Ur lasting for 37 minutes is probably associated with an
importance 1N flare in the neighborhood of a spot which at 2145 Ur
on the 1st had an area of only 40 millionths of the solar hemi-
sphere.
The period from February 1 through February 4 was geo-
magnetically quiet.
The only indication of activity besides the PCA was an
unusual fluctuation of the Deep River Neutron monitor which was
probably still under the influence of the ground level event on
28 January. Between February the first and eighth the Neutron
monitor data fluctuated by nearly 5% with a period of approximately
24 hours.
3 . 5	 IMPORTANCE 3B FIA.RE ON 13 FEBRUARY 1967
This event has been discussed in considerable detail by
Costelli.
The flare which started at 1746 UT was reported by four
observatories with onset times ranging from 1746 to 1751, import-
ances 4B and 3B. The plage region 8687 covered two very small
spot groups. One was first seen on the 6th at E76 and died on
the disk on the 14th at W22. The other was first seen on the 11th
at E10 and died on the disk on the 13th at W13. The 3B flare under
discussion occurred in the neighborhood of the three day spot.
1
1
r ^:
I T-
22
The plage region was relatively flare productive during
the first two days on the disk with seven subflares and six flares
of importances 1. Only eleven subflares were reported during
the next five days prior to the major flare under discussion,
which was the last flare reported from the region. Fxcept for
the small RF burst at the time of the 3B flare only one other
flare (at 1833 Ur February 6) was accompanied by RF bursts (also
very small).
Based on the extremely small spot group and lack of
important flares or RF emissions at centimeter wavelength the
probability that the 3B flare would be followed by a proton event
would be very small.
We have shown (Reference 13) that only 27% of the 142
importance = 3 flares confirmed during the 19th solar cycle were
followed by an important PCA event. We have also found that of
the 35 importance > 3 PM flares for which sunspot area data are
available on flare day, the flare day area was greater than 500
millionths for 31 of the events. Thera were no cases where the
flare day area was less than 225 millionths. Finally, we showed
that 22 of the 31 importance t 3 PCA flares occurred in either W
or 4' type spot groups.
[I-
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3.6	 THE LAR(Z S TYPE SUNSPOT GROUP THAT CROSSED THE SOLAR
DISK BENEEN 21 FEBRUARY AND 6 MARCH 1967
This large S type spot, the source of the major events
on 27 February and March 4 crossed the East Limb on 21 February.
This was the return of the region which had crossed the West Limb
on February 6 with yellow corona emissions reported. The ELP of
the returning region was very active with surges, loops and yellow
corona emissions.
Dur'ng disk passage the sunspot group increased in area
from 735 millionths on 23 February at W23 E47 to a maximum value
of 1416 millionths on the 28th at W18, then decreased slowly to
987 millionths at W49 on March 2. The spot was the source of 182
subflares, while 56, 3, and 3 flares were confirmed with importance
10 2, and 2B, respectively (IAU Bulletin 157) (Table 3.6.1).
The distribution of all flares reported and confirmed
flares during disk passages is shown in Tables 3.6.1a and 3.6.1b.
Based on the yellow line coarowl activity at the East
Limb, the size and brightness of the plege region, the size, com-
plexity, and the 6 configuration which persisted during most of
the disk passage, the region would be considered a probable source
for one or more proton streams during disk passages. The region
was both flare productive and radio noisy from the time it crossed
f^
I ;-
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Region 8704 ., February, March 1967
20 21 22 23 24	 25 26	 27
	 28 1 2 3	 4 5
Sub 4 9 11 16 28	 15 14	 15	 10 10 16 13	 11 6	 4
1 2 6 6 6 2	 8 1	 1	 1 - 4 3	 9 1	 1
2 - - 4 - 2	 - -	 1	 - - - -	 - -	 -
2B - - 2 2 -	 - -	 1	 - - - -	 - -	 -
Total 6 15 23 24 32	 23 23	 15	 18 10 20 16	 20 7	 5
TAna 3.6.1a ALL FLARES REPORTED 20 FEBRUARY THROUGH
6 MARCH FRCM PIAGE 8704
20 21 22 23 24	 25	 26 27	 28 1	 2 3 4	 5	 6
Sub - 2 3 2 3	 1	 - 2	 - 6	 5 5 3	 1	 -
1 1 6 9 3 6	 7	 2 2	 1 -	 3 4 9	 2	 1
2 - - 1 1 -	 -	 - 1	 - -	 - - -	 -	 -
2B - - 2 1 -	 -	 - -	 - -	 - - -	 -	 -
Total 1 8 15 7 9	 8	 2 5	 1 6	 8 9 12	 3	 1
TABLE 3.6.1b CONFIRMED FLARES REPORTED IN THE IAU
BULLETIN
ir
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the East Limb on 20 February. Approximately 97 subflares and 41
(unconfirmed) flares with importance a 1 were reported by the time
the region had reached the central meridian. A large number of the
flares were accompanied by radio emissions at all wavelengths,
with an occasional great burst at meterwave lengths. However,
none of the bursts reached major intensity at centimeter wavelengths
until the event cn February 27. Several of the bursts covered a
broad spectrum with strong indications of the "U" type spectra.
This is shown on Figure 3.6.1. RF peak flux is showa for a wide
range of frequencies for bursts associated with flares on February
23, 27, and March 4.
The reported start of the flare, importance and position
are shown on Table 3.6.2, the reported times of peak flux at each
frequency are shown on the figure.
Flare
Start Imp. Position
23 February	 0830 2B N24 E44
2244 1- N23 E48
27 February	 1637 2B N27 E02
2335 1 N28 W02
4 March	 1715 1B N25 W69
TABLE 3.6.2 FIARE DATA F(It THE RF BURSTS
SHOWN ON FIGURE 3.6.1
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3.6.1	 Major RF Burst at Centimeter Wavelength on 27 February
The activity on February 77 satisfied most of the almost
necessary conditions for a proton event; a large spot group with
a 6 configuration; RF bursts with peaks of 560, 536, and 590 flux
units at 2800, 2700 and 2695 Mc/s, respectively; the RF peak fol-
lowed the time of flare maximum by 6 minutes, the flare at N27 E02,
with an importance 2B reported by Lockheed was accompanied by a
shortwave radio fade; Type II slow draft burst at meter and deka-
meter wavelengths and Type IV at dekameter wavelength; a large V--ray
event was observed by Explorer 33, with onset coinciding with the
start of the flare and RF emission. The "U"-shaped spectral charac-
teristic is shown on Figure 3.6.1. The data for this event are sum-
marized in Tables 2.1 and 2.2.
f
f	 3.6.2	 Major RF Burst at Centimeter Wavelength on 4 March
This was the second major event associated with the active
type; sunspot group. Over half of the spot group had crossed the
West Limb of the sun at the time of the flare. The region was still
flare active and radio noisy. Mt. Wilson did not
e
 observe the sun on
the 4th, but had classified the spot group as a S type on Uie 3rd
at N24 W59•
r
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The flare at 1715 on the 4th was classified with importance
1B by both Sacramento Peak and Haleakala with maximum at 1716
and 1718, respectively, indicating an extremely rapid increase in
`)oth flare brightness and area. The RF emission at centimeter also
shows the impulsive characteristic with the increase to peak flux in
less than one minute (Figure 3.6.2). The RF peak intensity followed
the reported Sacramento Peak flare maximum by 1/2 minute and pre-
ceded the reported Haleakala flare maximum by 1 1/2 minute.
The "U" type spectral characteristic of this RF event is
also shown on Figure 3.6.1.
Wo X-ray event was reported from Explorer 33 at the time
of the flare.
Again we have strong evidence for a proton event, however,
none was reported.
3.7	 SMALL PCA EVEN  ON 11 MARCH
A small proton event was reported by space vehicles and
data from the polar cap. The event was in progress by 2000 Ur on
March 11 and continued for more than 60 hours with peal. absorptions
between 0100 and 0600 on the 12th.
The evert was observed on VIF signals from Annapolis,
Maryland to Anchorage, Alaska; Rugby, England to Anchorage, HF	 r
signals on 9 Mc/s and 12 Mc/s Thule to Anchorage. An increase
28
was also recorded in the neutron count by the Vela vehicles and
Pioneer 7. No major flares or other outstanding solar events
1/
	 were reported during the 36 hours prior to the onset of the event
`	 at 2000 Ur on the 11th.
_
	
	
Neither Mt. Wilson or Sacramento Peak recorded sunspot
data on 11 March. Based on data for the 9th, 10th and 12th and
the M&-ath-Hulbert Calcium plage data, it is evident that only two
regions had the characteristics generally associated with proton
events. Both regions crossed the East Limb with strong yellow
coronal emissions. One sunspot group was first seen on 2 March
at 2202 UT at X122 E76 reached a maxion area of 204 millionths
at W08 on the 9th and was last seen on the 12th at N23 W49. No
s	flares of importance > 1 were reported from this region during
the 36 hours prior to the start of the PCA, although 11 subflares
were reported. The other sunspot group was first seen on 3 March
at 1500 Ui at 319 E77. This spot group reached an area of 772
'	 millionth on 7 March (Mt. Wilson 16291) with a 
	
magnetic classi-
fication. ESSA reports a weak S configuration. No flares with
importance :? 1 and only 3 subflsres were reported during the 36
I
hours prior to the start of the PCA event.
r
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A third spot group, first seen on 27 February at 2158 UP
at 521 E69 reached a maximum area of 598 trillionths at 2346 Ur at
S21 E28. This group was given a P ^r magnetic classification by
Mt. Wilson ( No. 16280) on 5 March and an average
I$t during disk
passage. The group had decreased to an area of 41 millionths on
the 10th at S22 W74 and crossed the West Limb can the 11th. Only
subflares were reported during the 36 hours in question. All of
the other spot groups observed on the 9th, 10th and 12th were very
small. No shortwave radio fades were reported and RF emissions at
centimeter wavelengths were very weak.
Again, an examination of available data does not reveal
auv region on the far side of the sun within two or three days from
the East or West Limbs as potential sources of the proton event.
The period from the first of March through the 17th was
generally very quiet geomagnetically with only two 3-hour periods
when the three-hour Kp exceeded 3+. In fact, the average three-
hour Kp during the period was approximately 1.
r
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3.8	 IMPORTANCE 3B FLARE AND GREAT RF BURST AT cm
WAVEIENGTH ON 22 MARCH 1967
This event occurred near the East Limb in a large bright
plage region. The plage (8740) is the return of a region that
crossed the solar disk between 20 February and 5 March. It con-
tained a very large a type sunspot group (see 3.6 above) which
had broken up into three small spot groups during its passage of
the far side of the sun.
Sacramento Peak data for the three spot groups at 2310
on the 21st,approximately one hour before the reported start of
the flare, are given in Table 3.8 1. More detailed data are given
in Table 3.8.2.
Sac.P.
No.
Position Heliog.
Long.
No.
Sots
Area Mag
649 N23 E59 301 1 213 c(p
652 N26 E73 287 4 35 pr
653 N21 E72 268 3 35 /13 r
TABIE 3.8.1 SACRAMENTO PEAK SUNSPOT DATA 2310
Ur, MARCH 21, 1967s PLACE 8740
Sacramento Peak reported the flare beginning at 0022 UT, March 22,
at N25 E70; associated with the spot group 652.
T
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Sac. P. No. 649 653 652
Mt. W. No 16305 16307 15308
First Seen 3/20 3/21 3/?l
Position N26 E86 N26 E78 N26 E78
Heliog. Lo (average) 302 288 286
Flare Day Area** 213-443 35-104 35-60
Position* N23 E59 N21 E71 N26 E72
Mag.
Max. Area Date 3/26 3/26 3/22
Position N23 W04 N21 E10 N26 E64
Area 592 411 60
Mag. Gf to if 6P
last Seen Date 4/01 4/02 3/26
Position N22 W79 20 W78 N26 E12
Area 27 31 10
Sac. P. Flare Position N25 E70 Onset 0022
*Approximate position at start of the flare.
**Two values given, first is the area at 2310 UP
March 21, second, is the area at 1557 UP March 22.
TABLE 3.8. 2 SUNSPM BASIC DATA FOR EVENT ON
MARCH 22
The flare was accompanied by a major shortwave radio
fade and an X-ray burst of 13 time the quiet sun background.
Table 3.8.3a gives the distribution of all flares
reported from plage 8740. Flares confirmed in the :AU bulletin
are given in Table 3.8.3b.
A comparison of Tables 3.6.1b and 3.8.3b indicates that,
although the total sunspot area in region 6740 is considerably
smaller than the sunspot area during the previous rotation, the
region is still considered to be flare productive.
No Type II or Type IV emissions were reported. The
spectral plot of the RF emissions associatedion with flares from
this region on the 22nd, 26th and 30th (Figure 3.8.1) do not show
a region characteristic for the V' type spectra. In addition,
the period between 0000 Ur on the 22nd and 2400 Ur on the 26th
was extremely quiet geomagnetically with no three-hour Kp index
greater than 3- and no Ap greater than 4.
t
	
	
The RF profile for the burst at 2700 Mc/s starting at
0025.5 on the 22nd together with the times of associated
phenomena, is shown on Figure 3.8.2. This is a class 3 profile
very similar to the profiles shown as Figures 3.1 and 3.2 for
20 July 1961 and 7 July 1958, respectively in Reference 12V
page 71.
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M A R C H
20 21 22	 23 N— 2	 0 31 1 2
Sub 3 11 4	 14 10	 13	 15	 14 19	 22	 20 17 9 7
1 4 2	 2 1	 3	 3	 5 3	 3	 5 4 11 2
2
- - -	 - -	 -	 2
2B
-
3B
Total 4 15 7	 16 11	 16	 21	 19 22	 25	 26 22 20 9
TABIE 3.8.3a ALL FLARES REPOR'T'ED 20 MARCH THROUGH
2 APRIL FROM PLAGE 8740
M A R C H
20 21	 22 23
	
24 25 26	 27 26	 29 36 31	 1	 2
Sub - -	 - 2	 1 3 6	 1 1	 - 3 2	 2	 1
1 1 4	 1 3	 1 3 2	 4 4	 3 3 8	 9	 2
2 - -	 - -	 - - 1	 - -	 1 1 -	 -	 -
2B - -	 1* -	 - - -	 - -	 - - -	 -	 -
3 -
3B- -	 - -	 - - -	 - -	 - - -	 -	 -
Total 1 4	 2 5	 2 6 10	 5 5	 4 7 10	 11	 3
TABIE 3.8.3b CONFIRMED FLARES, REPORTED IN THE
IAU BULLETIN
*This is the flare under study. It is classified 3B by both Sacramento
Peak and Lockheed.
r
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The event of 20 July 1961 was followed by a weak
proton event while the 7 July 1958 event was followed by one
of the largest PCA events of the 19th solar cycle.
This event has many of the characteristics generally
associated with a proton event and an early alert might be
considered. However, a continuous observation of the region
would indicate a negative decision.
3 . 9	 THE 1ARGE BRIGHT, ACTIVE REGION THAT CROSSED THE
SOLAR DISK BETWEEN 18 MAY AND 1 JUNE 1967
The plage region (8818) crossed the solar disk between
18 May and 1 June. It was one of the largest of the present solar
cycle. The plage ccntained three sunspot groups that reached
i
maximum areas of 208, 538, and 1381 millionths on the 22nd, 27th,
and the 24th, respectively (Table 3.9.1).
The region was flare productive during disk passage as
shown in Table 3.9.2 below.
Sub-
Flares
Minor
Flares
MaJor Flares
2B	 3N 3B
East
Quadrant 111 35 5 1 0
West
Quadrant 70 31 0 0 1
Total
Uncomfirmed 181 66 5 1 2
Confirmed 32 32 4 - 1
TABLE 3.9.1 SUBFIARES AND FLARES ASSOCIATED WITH
SOLAR REGION 8818
r
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sac. P. No. 745 754
Mt. W. No 16368 16373 16372
First Seen 5/18 5/20 5/19
Position N25 E76 N21 E54 N26 E79
Heliog. Long 243 236 223
Flare Day Date
Area
See Table 2.2
Position
Mag
Max. Area Date 5/22 5/27 5/24
Position N25 E17 N22 W37 N27 E24
Area 20 53 13
Mag /dr P p S
last Seen Date 5/30* 5/30 5/30
Position N25 W74 N22 W67 N27 W54
Area 34 221 369
Flares 15 3 24
Confirmed
Sub 12 3 17
*Neither Sacramento Peak our Mt. Wilson observing on 5/31.
Mt. Wilson not observing on 5/30.
TABLE 3.9.2' SUNSPOT BASIC DATA REGION 8818
536
We have included all Sf, Sn, and Sb flares under subflares, the
minor flares include all flares reported as 1F, 1N, 1B, 2F and 2N.
The 2B group includes those reported as 2B or 3F.
The number of flares reported in each grouping in the
first three lines of the table is based on the individual reports
published in Reference 15.
A large number of the subflares and many of the minor
flares were reported by a single observatory, or were reported by
two or more: cab :as:atorics with different importances. These and
other problems have, in the past, introduced many uncertainties
in the analysis of solar flares and their correlation with other
phenomena. The first effort to eliminate this difficulty was
carried out by Dodson and Hedeman at the McMath-Hulbert Observa-
tory (Reference 6). The revised or "corrected" importance for
all flares with importance > 2 for the years 1954 through 1963
were given in the five volumes of the Solar Activity Catalogues
by Jonah, Dodson, and Hememan. More recently, Dodson and Hememan
(Reference 7) published the re-evaluated catalogue of Solar
I	 Flares for 1964-1966. Based on methods developed at McMath-
t	 Hubert Observatory, Meudon Observatory, and ESSA at Boulder.
The flares published in the Quarterly bulletin (Reference 12)
starting with 1967 and in Solar-Geophysical Data, starting with
the final data for January 1968, will be "ccnfirmed" solar flares.
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Using the (quarterly Bulletin data for May 1967,
the number of subflares, mina' flares, and major flares from
the region 8818 is given in the last line of Table 3.9.2•
The number of confirmed subflares and flares ori-
ginating in or near the three sunspot groups is shown oa the
-	 last two lines of Table 3.9.1
3 . 9 .1	 The Major RF Event a; Centimeter Wavelength on2'Y
The first major solar event from region 8818 is
associated with an importance 1B flare from the leading group
in the plage. This is a small spot which at the time of the
flare was located at N24 E50. The flare was accompanied by a
minor shortwave radio fade, Type II, slow drift burst over the
frequency may range from 10 to 300 Mc/s and a Type IV con-
tinuum from 9 to 41 Mc/s. A minor X-ray emission was reported
by Explorer 33
Major RF bursts covered the frequency range 2695 to
10700 Mc/s with minor bursts at 1415 and 960 Me/s. The spectral
plot is shown on Figure 3.9.1. The RF event shows an indication
of a "U" type spectrum with decreasing flux with increasing wave
for frequencies below 4995 Mc/s, however, the flux at 960 Mc/s
is very weak and no emissions are reported at lower frequencies.
r
r
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It is seen on Figure 3.9.1 that the spectra of the RF
events, starting at 1254 UT, and 1524 Ur on 19 May, exhibit a
strong 'U" type spectrum. On the other hand, the RF emiarsion
at 1504 UT on the 19th and at 1922 on the 21st have a fluctuating
flux superimposed as indicated by the "U" shape
3 . 9 .2	 The RF Event Starting at 1920 iJT on 21
This major RF event is associated with an importance 2B
flare located east of the leading small sunspot group (area 153
millionths). Sacramento Peak Observatory reports that at the time
of flare maximum (1926 UT) the flare emiesion was "apparent" on
the white light photographic patrol. Other phenomena associated
with this event include:
An importance 2 SWF that lasted for 46 minutes. Spectral
emissions, Type II and Type IV, and one of the most intense X-ray
flux observed by Explorer 33 to date. The X-ray increase started
almost simultaneously with the RF onset and reached a maximum in-
tensity of 180 milli-ergs (cm2
 sec) -1, approximately three minutes
after the RF peak f lux .
The RF spectral plot shown on Figure 3.9.1 has charac-
teristics quite similar to those of the ot1 r RF events associated
with this solar region. The RF time history at 2695 Mc/s and the
X-ray emission 2-120, together with other associated phenomena
39
are shown on Figure 3.9.2. Overall activity of the region remained
relatively low for the next 48 hours following the major event start-
ing at 19"' on the 21st.
In particular, activity associated with this small sunspot
group was relatively low during the remainder of its passage of the
solar disk with only five confirmed flares with importance IW and
two confirmed subflares.
3 . 9 . 3	 The Large Proton Event on May 23, 1967
The largest of the three sunspot groups in the plage region
8818 rotated around the East Limb on 19 May at N26. The spot group
was given a ^ I magnetic classification on the 20th, and a J type
the following day and the remaining days on the visible disk. The
group ( Sacramento Peak number 746, Mt. Wilson number 16372) increased
in area to a maximum of 1381 millionths on the 24th at N27 z24 then
decreased slowly and crossed the West Limb on 31 May.
Prior to the event on the 23rd, only 9 subflares, 6 minor
flares, and 1 major flare (importance 2B at 2354 Ur on the 21st)
were confirmed. None of these flares were accompanied by importanT.
RF events.
Starting at 1802 three mayor flares were observed in rapid
succession with maxima at 1814 t 3 minutes, 1843, and 1847 ± 3
minutes. All of these flares were reported with importance 2B and
r
I
I
r
I
TABLE 3.9.3 SOLAR PROTON EVENTS (PROVISIONAL) NAY 1537
(FROM IER-FB-274 JUNE 1967)
4 
Event
No.
Date
May
Time
Ur Detector Activity_
1 23 1925(1) Vela satellite system Increased neutron count
24 0000 Shepherds Bey ricmeter Absorption
0600 Alaskan riometer network Marked absorption, phase
VIF, HF, FWD-scatter advances, fadeouts
circuits
0930(2) Vela satellite system `aximum neutron count
2100 lunar Orbiter satellite > 10 Mev proton flux still
increasing
25 0100 Ft. Churchill satellite Reading 1 RAD/hr and in-
experiment creasing
0300 Alaskan riometer network Absorption still increasing
2 2y 0715(1) OGO satellite 3x normal > 20 Mev proton
flux
ti 0500-0700 Lunar Orbiter satellite Reading approx. 2 1/2 RAD/hr
0800 Shepherds Bay riometer Marked absorption
1300 Alaskan riometer network > 20 db absorption on
FWD-scatter circuits riometer
1353(2) Vela satellite system Maximum neutron count
27 0710(3) Vela satellite system About normal proton levels
3 28 0605(1) Shepherds Bay riometer Absorption begins
0625 Vela satellite system Increased neutron count
0626 Alaskan riometer network Absorption
0626 VLF, U. , FWD-scatter Phase advances, fadeouts
circuits
0700 OGO satellite 3x normal > 20 Mev proton	 I
f lux
1200(2) Kiruna, Sweden riometer
i
Absorption
"1 0030(3) Alaskan riometer network PCA ends
1 Yroiaule Deg inning time	 kG) rrooaoie mwz,Tmun tizme
3 Probable ending time
NOTE: Pioneer space probe system confirmed above events.
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a total duration of 3 hours 58 minutes (see event 12, Table 2.2).
Sacremento Peak Observatory reported that the third of these
fares was observed in white light at 1845 Ur and was apparent
on the white light photographic patrol film at 1840 Ur.
The first two flares caused great shortwave radio fades,
and importance 3 spectral emissions of Type II and Type IV ex-
tending from the dekameter through the meter wavelength.
The RF time history at 2695 and 2800 Mc /s, the X-ray
burst recorded from Explorer 33 together with indicated times of
associated phenomena arc shown on Figure 3.9.3•
Relatively weak RF emissions and X-ray flux accompanied
the first flare, starting two and four minutes, reanectively,
before the reported start of the flare. "%e RF peak at 1810
occurred ( see insert Figure 3.9.3) at the same time as the earliest
reported time of flare maximum which the peak X-ray flux at 1816 Ur
occurred one minute before the fourth and latest reported time of
flare maximum.
In the case of the second flare (or second phase) the
flare, SWF, and X-ray all start approximately one minute before
^a
	 the onset of the RF burst at 2695 and 2800 Mcls.
..
Except for the fact that flare maxima occur after the
RF peak, this phase of the events meets all of the almost neces-
sary conditions for a proton event to follow and an alert would
be in order. In fact, the Vela satellite system recorded an
increase in neutron count at 1925 UP, approximately 10 minutes
before the start of the third (phase) flare in the sequence.
Lindgren (Reference 14) states that the increase is very slow
at the start making it difficult to determine the onset time.
Lindgren estimates the start at about 2000 UP, and takes about
36 hours for the flux to build up to its maximum value. A aum-
mary of the preliminary data is given in Table 3.9.3• This
indicates the Vela satellite's maximum at 0930 while the Alaskan
riometer network and forward scatter circuits establish the
maximum 7 20 db at 1300 III' on May 25 . . The Explorer 33 open
counter and ion chamber show a maximum. at 1200 Ur on May 25.
This sequence of events with two major RF bursts
separated by about 75 minutes, with the second RF peak greater
than the first by a factor of about 4 and the PCA onset sometime
between the two peaks, is similar in many respects to the great
RF bursts on 21 September 1963 (Reference 12).
42
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The X-ray burst associated with the flare at 1832 is
the most intense observed by Explorer 33.
The spectral plots of the three phases of the RF bursts
are shown on Figure 3.9.4. The eirst two phases show a decreasing
flux with increasing wavelength, while the great burst starting at
1935 has the "U" type spectrum.
3 . 9 .4	 The PCA Event on May 28, 1967
The final event associated with parge region 8818 and
the large S type sunspot grour 16372 occurred when the sunspot was
at N26 W32. The 9 configuration was still observed while the area
had decreased to a value between 939 (at 1517 UT on the 27th) and
710 (at 1415 UT on the 28th) millionths while the parge had reached
an area of approximately 12,200 millionths with a brightness of 3.5•
An importance 3B flare started at 0525 UT with maximum
values reported by 8 of the 10 observatories that reported the flare.
The times of flare maximum ranged from 0539 to 0602 UT (Table 2.2)
while importances ranged from 2N to4B. The flare was classified as
2B in the Quarterly Bulletin, but since 6 of the reporting observa-
tories reported the flare as >_ 3B, a classification of 3B is
generally accepted.
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The flare was associated with a strong shortwave fade
with a maximum intensity 8 minutes after the reported start of
the flare. No Type IV emission was reported, but an importance
2 slow drift burst (Type II) of short duration (2 minutes) was
recorded at meter and dekameter wavelengths (Figure 3.9.5)•
Major RF bursts were recorded at frequencies from 17,000 to 100
Me/s. The RF emission show a strong "U"-shaped spectrum, with
the times of peak flux varying from 0540.4 at 200 Mc/s to 0542 UT
at 10,700 Mc/s (Figure 3.9.6).
The X-ray burst showed an increase at 0528, coincident
with the onset of the centimeter RF emission, and three minutes
after the reported start of the flare and two minutes before the
start of the shortwave radio fade as shown on Figure 3.9.5
On the basis of the RF data presently available, the
time of the RF peak flux at both 3000 Mc/s and 3750 Mc/s follows
the time of flare maximum reported by Ondrejov by nearly 3 minutes,
but coincides (± a few tenths of a minute) with the mean time of flare
maxima as reported by Ondrejov, Catania, Siberie, and Athens, with
the X-ray peak occurring nearly 10 minutes later. In other words,
there does not appear to be an indication of an impulsive onset
of these phenomena.
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The PCA onset time as shown on Table 3.9 . 3, occurs
about 45 minutes after the start of the flare with maximum
absorption of 3.5 db at about 1200 LIT.
The distribution of flares and subflares for each day
during the transit of Region 8818 across the visible disk, Table
3 . 9 . 4a is based on the individual reported in Reference 16.
Table 3.9.4b is based on the confirmed flares reported in the
TAT,; Quarterly Bulletin.
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17 18 19 20 21 22 23 24 25 26 27 28 29 30	 31
Sub 2 6 9 16 23 24 20 11 13 9 15 8 9 14	 2
1 2 4 4 5 8 2 3 5 6 to 3 6 4 2	 -
2 - - 1 - 1 - - - 1 - 1 1 - -	 -
2B - 1 - - - - 4 - - - - - - -	 -
3
-
3B - - - - - - - - - - - 2 - -	 -
Total 4 11 15 21 32 26 27 16 20 19 19 17 13 16	 2
TABLE 3-9.4a ALL FLARES REPORTED 17 MAY THROUGH -'1 MAY
1967 FROM PLAGE REGION 8818
1 17 18 19 20 21 22 23 24 25 26 27 28 29 30	 31
Sub 1 2 4 3 8 1 3 4 - - 2 - 1 2	 1
1 - 5 3 3 4 1 - 1 4 5 3 3 2 1	 -
2
2B - - - - 1 - 3 - - - - - - -	 -
3B- - - - - - - - - - - 1* - -	 -
Total 1 7 7 6 14 2 6 5 4 5 5 4 3 3	 1
TABLE 3.9.4b CONFIRMED FLARES REPCRTED IN IAU BULLETIN
I
t
I
*See comments on following page.
Ig
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i
*The flare at 0529 May 28 at N28 W32 was classified 2B
in the IAU Bulletin. However, a 3B importance seems to be in
order. Ten observatories reported start times between 0527 and
0552 UP and times of flare maximum between 0539 and 0602 Ur. Six
observatories assigned an importance 3B or greater, two classified
the flare with importance 2B and two with importance 2N (see event
13, Table 2.1) .
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